The twin lakes Etujärvi and Takajärvi in Askola, southern Finland, are closely interconnected mesotrophic headwater lakes with a relatively small catchment area. Both of the lakes have suffered from eutrophication and its consequences. Remediation activities such as oxygenation and biomanipulation have not resolved the problems. In this study a large set of paleolimnological techniques (radiometric AMS dating, spherical carbonaceous particles analysis, sediment lithology, grain-size analysis, phosphorus fractionation, and diatom analysis) were applied to put together the development of the basin and its water level fl uctuations during the Holocene. The age for observed Trapa natans -horizons was determined, and lake management options were discussed.
Introduction
Lakes in low-relief glaciated terrain like in Finland have usually been isolated from larger lake basins or from the sea by isostatic land uplift. The isolation horizon can be identifi ed by studying indicator microfossils or by observing the litofacies change in sediment profi les. The sediment deposited in a large water body consists usually of clay, silt or clay/silt gyttja, while the sediment of lake is typically gyttja (Sauramo, 1958) .
The lake isolation process is not always straightforward. For example, isolation of a lake basin in a lagoonal environment may be slow and gradational (Eronen, 1974) . Secondly, small closed basins might have closed up totally and developed into a bog. About 10% of peat bogs in Finland have arisen this way (Lappalainen & Hänninen, 1993) . Sometimes, a complicated situation occurs when there is a signifi cant fl uctuation in lake water level during and after the isolation from a larger water body (Hyvärin-en & Alhonen, 1994; Harrison et al., 1996; Sarmaja-Korjonen, 2001 ). Strong lake level fl uctuations are often refl ected in lithostratigraphy as alternating layers of peat and gyttja (e.g. Dalrymple & Carey, 1990; Almquist-Jacobson, 1995) .
The threshold of studied basin is ca. 40 metres above the present sea level (m a.s.l.) indicating that the lakes were isolated from the Ancylus Lake at about 9500 cal. B.P. (Hyvärinen, 1999) . In connection with sediment mapping performed for lake restoration purposes an exceptional sediment lithostratigraphy was discovered, a thick layer of peat underlies lacustrine gyttja layers, and in places the clay surface below the peat bear indications of soil formation. It was evident that studied basin had experienced very low water level soon after the isolation.
In addition, continuous layers of seeds of water chestnut (Trapa natans) were found in the course of coring. At the moment there are about 70 localities in Finland, where occurrences of T. natans have been found (Sauramo, 1929; Lumiala, 1943; Valovirta 1949 Valovirta , 1957 Valovirta , 1960 Erkamo & Backman, 1960; Alhonen 1964 Alhonen , 1996 Eriksson, 1966; Vuorela & Aalto, 1982; Korhola & Tikkanen, 1997; Lempiäinen, 2002) . Most of the discoveries of water chestnut are from the southwestern part of the country, with a few occasional fi nds from central and eastern Finland. The plant has long been connected to the dwelling sites of Stone Age man, "who might have facilitated its subsistence" (Sauramo, 1929) .
This study has three interconnected purposes. First, we aim to unravel the apparently complex development of the basins and to shed light on the water level fl uctuations during the Holocene. The second target is to give a precise age for the horizon where T. natans is abundant. Thirdly, the importance of the understanding of the lake history for its management purposes will be discussed. Closely related to this, the recent eutrophication development of the lakes was studied from short cores.
Description of the lakes
The twin headwater lakes Etujärvi and Takajärvi are located on the north side of Askola village, southern Finland (Fig. 1) . The catchment area of Lake Etujärvi is 3.52 km 2 and that of Lake Takajärvi 2.46 km 2 . The lakes are mesotrophic, small and shallow, the area of Lake Etujärvi being 16 hectares and the maximum depth approximately 5 m, whereas the area of Lake Takajärvi is 15 hectares and the maximum depth approximately 4 m (Lempinen et al., 2002) . Only a narrow peat covered isthmus separates the lakes from each other. This isthmus formed at the end of the 19 th century when the predecessor of the lakes, known as Lake Nalkkilanjärvi, was artifi cially lowered ca. 1-2 m, leading to the separation of lakes Etujärvi and Takajärvi (Anttila, 1967) . The present water level of the lakes is 38.60 m a.s.l.
The lakes are located within the hemiborealic vegetation zone. The annual mean temperature is ca. + 5°C, and precipitation over 650 mm a -1 (Alalammi, 1987) . Both of the lakes have suffered from eutrophication and its consequences, such as abundant occurrences of Gonyostomum semen, lack of oxygen and diminution of the Secchi-depth (Lempinen et al., 2002; Reunanen, 2003) . During the 2000's the total phosphorus content in surface water both in Etujärvi and Takajärvi has been approximately 30-50 µg l -1 , total nitrogen approximately 600-800 µg l -1 , chlorophyll a 40-45 µg l -1 and pH 6.5-7 (HERTTA, 2005). The diffuse nutrient load to the lakes derives from agriculture, forestry and scattered settlements (Reunanen, 2003) .
The lakes were a part of a provincial biomanipulation project of eutrophied lakes during 1998-2001 and the total catch of devaluated fi sh during the project was 289 kg ha -1 in Lake Etujärvi and 282 kg ha -1 in Lake Takajärvi, which has been found to be insuffi cient (Lempinen et al., 2002) . Results of the biomanipulation project have been thoroughly evaluated by Olin (2005) and Olin et al. (in press ). The lakes were also oxygenated during the project, but signifi cant improvement in the water quality or the condition of the lakes was not achieved.
The Precambrian bedrock of the area is in general characterized by granodiorite on the east and north sides of the lakes. The western side of the lakes is amfi bolite which also occurs within a small area on the east side of Lake Etujärvi. The south-western corner of Lake Etujärvi is abutted by granite with observable mylonite or fault breccias (Laitakari & Simonen, 1962) . The lakes are formed in a long, north-south orientated fault zone, which ranges from the village of Pukkila to the south side of the village of Askola (Laitakari & Simonen, 1963) .
The north-south orientated esker system accumulated in the fracture zone mentioned above is the most important Quaternary deposit of the catchment area of the lakes. It is a discontinuous chain of delta-like deposits, kame-mounds and littoral accumulations. The lakes themselves are surrounded by thick and unstable, easy erodable peat rim. Clay and silt plains are common on the west and south-west side of the lakes. Bedrock outcrops are abundant on the outer limit of the catchment area, both on the west and on the east side of the lakes. By contrast, till deposits are rare, occurring mainly on the eastern side of the catchment area (Tynni & Kukkonen, 1968; Tynni et al., 1976) .
Material and methods

Sampling
During winter 2004 four surface sediment samples (0-2 cm) and one short-core profi le (20 cm) were taken using a Limnos gravity-corer (Kansanen et al., 1991) both from Lake Etujärvi and Lake Takajärvi (see Fig. 1 ). The short-cores were subsampled in 2 cm slices and stored in a refrigerator at a temperature of +4°C. The cores and surface sediment samples were analyzed for their phosphorus content, physical properties such as water content (W), loss on ignition (LOI), the grain size of the mineral matter and, for the short-cores only, the species variability of the diatoms. All the sample points were selected with the aid of map interpretation and using the bathymetric map of lakes Etujärvi and Takajärvi.
According to this preliminary sampling, altogether 16 long-cores were lifted for stratigraphic analysis with a Russian peat corer and, in addition, for the sample point Taka10, with a light piston corer. The long sediment profi les were then characterized applying the classical Troels-Smith method (Troels-Smith, 1955) . The core from Taka10 was analyzed for magnetic susceptibility (MS) and LOI.
Analytical methods
Water content of sediment (W) and loss on ignition (LOI) of surface sediment samples, short-core samples, and LOI and magnetic susceptibility (MS) of core Taka10 were determined according to Håkanson & Jansson (1983) and Boyle (2004) . The grain size distribution of sediment samples was analyzed with a Coulter LS 200 laser diffraction analyzer (Agrawal et al., 1991; Arnaud, 2005) . Before analysis, organic matter was digested from samples with H 2 O 2 . Samples were then washed three times and 0.05 M Na 4 P 2 O 7 *10H 2 O was added to the sample tubes. After that, samples were treated with Sanyo Soniprep 150 ultrasonicator.
Total phosphorus content was analyzed according to Bengtsson & Enell (1986) and the fractionation of phosphorus according to Hieltjes & Lijklema (1980) . Refractory phosphorus was then calculated by subtracting the sum of different fractions from total phosphorus. Determinations of phosphorus were carried out spectrophotometrically applying the molybdenum blue method of Murphy & Riley (1962) . Diatom analyses were carried out from the both short cores. Samples were treated with H 2 O 2 , and then washed four times. A few drops of siliceous slurry were dried on a coverslip, which was fi xed on the object glass with Naphrax ® . At least 300 valves were counted on each slide using an Olympus BX 41 light microscope with 100x plan oil immersion objective, N.A. 1.20, and 10x eyepieces. Krammer & LangeBertalot (1986 -1991a ) was used as a reference.
The results of diatom analysis were used to reconstruct the development of autumnal surface water total phosphorus concentrations, hereafter DITP. Reconstructions were done by Dr. T. Kauppila according to Kauppila et al. (2002a) . The models presented in this paper are weighted average (WA) transfer functions without tolerance downweighting; classical deshrinking is used.
Spherical carbonaceous particles (SCP) were extracted after Rose (1990) and counted with an Olympus CX 31 light microscope (400 x magnifi cation). From each sample at least 250 Lycopodium spores were counted. Results of the counting were then compared with the data of annual fossil fuel combustion in Finland (Statistics Finland, 2003) .
Accelerating mass spectrometry (AMS) radiocarbon dating was done on three samples. Samples were treated in the Dating Laboratory of the Finnish Museum of Natural History according to Slota et al. (1987) and then dated in the Uppsala Tandem Laboratory (Possnert, 1984 (Possnert, , 1990 ). Received radiocarbon ages were then calibrated using the CalPal © program and the CalPal_SFCP_2005 calibration curve (Weninger & Jöris, 2004) .
Results
Long cores
Sediment lithostratigraphy
The sediment lithostratigraphy of the long-core samples is described in detail in Fig. 2 .
The basal portion of the core Taka1 is clay. From the level 36.53 m a.s.l. there follows a 10-cm-thick transition zone of clay-gyttja, which is overlain by a 207-cm-thick peat sequence extending to the water surface level 38.60 m a.s.l.
In the core Taka2 the lowermost sampled level (32.60-32.80 m a.s.l) is gyttja. It is overlain by a 5.8-metre-thick peat sequence extending to the water surface level 38.60 m a.s.l.
The core Taka10 is the only core in the northern part of Lake Takajärvi in which the surface sediment is gyttja. At other coring points from that area the surface sediment is peat. The bottom of the core taken from the coring-point Taka10 Cores Taka6 and Taka7 were composed of peat through the recovered sections.
The surface sediment is gyttja in each profi le taken from the southern, nowadays deepest, part of Lake Takajärvi (Taka3, Taka4, Taka5, Taka8 and Taka9). Cores taken from Lake Etujärvi, (Etu1, Etu2, Etu3, Etu4), from the isthmus between the lakes (Taka12) and a comparison sample from Lake Takajärvi (Taka11) are presented in Fig. 2 The core Etu4 is the only core in this study that does not contain any visible traces of peat. The bottom of the core is clay, which changes to gyttja at the level of 33.72 m a.s.l. This gyttja section continues to the sediment surface (35.00 m a.s.l.) and is intersected by two clay-gyttja layers at levels of 34.30-34.40 and 34.60-34.70 m a.s.l.
The core taken from sample point Etu3 is mainly peat. The bottom clay of the core changes gradually to silty clay, which has a sharp contact with gyttja at the level of 32.80 m a.s.l. This layer of gyttja is thin, only 7 cm, and changes gradually to peat, which continues homogenously to the sediment surface (36.15 m a.s.l.) with a thin interlayer of clay-gyttja at the level of 34.85-34.90 m a.s.l. In the lowest part of the peat unit (approximately 32.87-33.00 m a.s.l.) marks of intensive gas fermentation and ebullition were observed.
An important observation in cores Etu1, Etu2, Etu3, Etu4, Taka1, Taka5 and Taka12 was related to the surface of the lowest unit of the core, clay. It was found to contain plant roots and traces of organic soil formation. The clay was also interpreted to be overconsolidated based on increased resistance to core penetration. This indicates that the clay unit had been above the water level before the accumulation of the upper soft sediment units of the cores began. The lowest AMS dated sample (Taka10, Hela-868) is taken from the contact of gyttja and silty clay, showing the age of 8760±140 cal. B.P. The upper sample of the core Taka10 (Hela-867) is taken from the upper Trapa natans layer and has the age of 7590±50 cal. B.P. The sample from core Etu4 (Hela-866) is taken from the contact of gyttja and clay, showing the age of 2270±70 cal. B.P.
AMS 14 C-datings
LOI and MS of the core Taka10
The LOI and MS are presented in Fig. 3 . From the bottom of the core LOI remains less than 10% until the sediment depth of 575 cm (31.55 m a.s.l.). Then it increases gradually and is ca. 35% at the sediment depth of 450 cm (32.80 m a.s.l.). Above this level LOI increases sharply to 85-90 % at the sediment depth of ca. 430 cm (33.00 m a.s.l.). The next changes, which are also detectable in sediment lithostratigraphy, occur at the sediment depth of ca. 65 cm The results of surface sediment sample analyses are presented in Table 2 . In Lake Takajärvi the highest value of LOI is at sample point Taka1_surface, whereas the lowest value was measured from the surface of the short-core, T1. The highest total phosphorus content was measured from sample Taka2_surface and the lowest from T1. Refractory phosphorus was the most important fraction in all Lake Takajärvi surface sediment samples, except for T1, where the HCl-P was the most signifi cant fraction. The coarsest grain size was detected in sample T1, whereas the lowest was in sample Taka1_surface.
In Lake Etujärvi the properties of surface sediment are more consistent than in Lake Takajärvi. The difference between the highest (E1) and the lowest (Etu3_ surface) LOI values is only 4.2%. The phosphorus content is also more even in Lake Etujärvi. The highest content was measured from sample E1 and the lowest from Etu1_surface. The refractory phosphorus was the most signifi cant fraction in every surface sediment sample in Lake Etujärvi. The grain size is the only measured parameter that is not consistent in every sample. In sample E1 the mineral matter is remarkably coarser (grain size median 86.1 µm) than in other surface sediment samples. 
Short cores 4.3.1. SCP dating
The results of the SCP counting are shown in Fig. 4 . The fossil fuel combustion and SCP concentration curves were fi tted to coincide the rapid increase of fossil fuel burning during the 1960's and the observed increase of the SCP concentration in sediment. Also, the Neste Oil's oil refi nery started in the mid-1960's, located ca. 25 km south-west from Askola municipality, has affected the studied lakes increasing the concentration of the SCP which, in the lower parts of the profi les, is extraordinary low. In Lake Etujärvi the maximum of SCPs, approximately 2600 SCP g -1 DW was counted at the depth of 2-4 cm. Samples taken from the depth levels of 12-14, 16-18 and 18-20 cm were free of SCP.
In Lake Takajärvi only the lowest sample of the profi le (18-20 cm) contained no SCP. The maximum amount of SCP, approximately 5100 SCP g -1 DW was detected at the depth of 10-12 cm. Above this level the amount of SCP fl uctuates strongly.
W and LOI
In Lake Etujärvi W increases from the bottom of the core (68%) to the surface 90% (Fig. 5) . Between 14 to 10 cm W is stable, approximately 78%, but between 10 to 8 cm increases rapidly to 86%. LOI in Lake Etujärvi is much like with W. The lowest value, 11% was detected from the lowest sample, and at the level of 10 to 8 cm there is rapid increase from 15 to 20%. The highest value, 25%, was measured from the surface sediment sample.
W and LOI of the short core in Lake Takajärvi are higher than in Lake Etujärvi. In the lowest sample (18-20 cm) W is 85% and LOI is 22%, in the surface sample W increases gradually to 95% and LOI to 31%.
Grain size
The grain size distributions of the short cores of lakes Etujärvi and Takajärvi are presented in Fig. 6 . The core of Lake Etujärvi contains hardly any material coarser than 200 µm below the depth of 15 cm. Fig. 4 . Results of the spherical carbonaceous particles (SCP) analysis of the short cores E1 (Lake Etujärvi) and T1 (Lake Takajärvi) plotted against the annual consumption of fossil fuels in Finland (Statistics Finland, 2003) .
Above this level, the material coarser than 800 µm is the dominant fraction of the mineral matter. In the three topmost samples there exist two distinct fractions, one approximately 200 µm and the other, coarser, approximately1800 µm in median size.
In Lake Takajärvi the situation is almost the opposite. The lower part of the core contains mainly mineral matter coarser than 1000 µm. The proportion of the fi ner material increases continuously upwards in the core, and in the three topmost samples grains of approximately 300 µm in size make the dominant fraction.
Total phosphorus and phosphorus fractions
The total phosphorus content and phosphorus fractions of the short core samples of lakes Etujärvi and Takajärvi are represented in Fig. 7 . In general, the total phosphorus content is lower in Lake Etujärvi than in Lake Takajärvi, being 0.73 mg g -1 DW in the lowest sample and 1.65 mg g -1 DW in the surface sediment sample. The refractory P is the dominant fraction throughout the whole profi le, and therefore the 8-10 cm sample has a lower value of total phosphorus, in the same way that it has a lower value of LOI.
The phosphorus content of the lowest subsample of Lake Takajärvi (1.42 mg g -1 DW) is ca. twofold compared to the lowest subsample of Lake Etujärvi (0.74 mg g -1 DW). The maximal P content was detected from sample 2-4 cm, 2.01 mg g -1 DW. The surface sample and sample 6-8 cm differ from the general phosphorus content level of the core, being clearly lower. These differences are dependent on the refractory phosphorus, which is the major fraction in the short core of Lake Takajärvi.
Diatom analysis and DITP
The selected diatom taxa of Lake Etujärvi are presented in Fig. 8 . The proportion of eutrophic plank- tonic taxa, such as Aulacoseira italica, A. granulata, A. ambigua, and Cyclotella meneghiniana increases in the upper half of the profi le. In contrast, benthic species such as Pinnularia interrupta, Eunotia exigua and Frustulia rhomboides, which are common in the lower half of the profi le, either decrease or decline in the topmost 10 cm of the core.
In Lake Takajärvi (Fig. 9 ) the changes in the diatom taxa are not as pronounced as those in Lake Etujärvi. Aulacoseira granulata, A. italica, A. ambigua, as well as Cyclotella pseudostelligera, Tabellaria fl occulosa and Fragilaria pinnata var. pinnata are common in the whole profi le.
The average value of DITP is approximately 25 µg l -1 , slightly lower in Lake Etujärvi than in Lake Takajärvi (Fig. 10) . In both lakes there exists a peak: in Lake Etujärvi ca. 35 µg l -1 at the sediment depth of 12-8 cm, and in Lake Takajärvi ca. 45 µg l -1 at the sediment depth of 16-13 cm.
Discussion
Lake level fl uctuations during the Holocene
Lithostratigraphical evidence connected with the three AMS radiocarbon dates indicates early Holocene water-level fl uctuations in studied basin (Fig. 11) . The lakes dried up totally soon after isolation, ca. 9500 cal. B.P. This is evidenced by overconsolidation of basal soil and remains of roots and other organic material in the lowermost parts of the cored sections. The decline in water level during the early Holocene is comparable to that recorded, e.g., from Lapland (Hyvärinen & Alhonen, 1994) and from Lake Juusa, Estonia (Punning et al., 2005) . Overall drier conditions around the Baltic Sea at that time have also been demonstrated in a comprehensive review of Harrison et al. (1996) .
Dry conditions changed towards wetter ones at the latest 8700 cal. B.P., which is recorded as the onset of lacustrine sedimentation. The water level rose during the next 1000-2000 years, but remained lower than at present. The sediment lithostratigraphy (see Fig. 2 ) from different parts of the lake represents alternating peat and gyttja depositions, indicating a fl uctuating water level of about 35-36 meters a.s.l. (Fig. 11) .
According to the sediment stratigraphy and the AMS dated sample from Etu4 the continuous rise of water level began more than 2000 cal. B.P. and continued until the 19 th century. Since ca. 2000 cal. B.P. continuous gyttja deposition has prevailed in the deepest parts of the basin. The trend coincides with that described e.g. from Lake Bysjön (Digerfeldt, 1988) , Lake Juusa (Punning et al., 2005) and is also in agreement with the data set presented by Harrison et al. (1996) . This also fi ts with the common understanding of Holocene climate having a dry and warm early phase and a fl uctuating middle phase followed by a cooler and wetter late phase, beginning ca. 2500 cal. B.P. (e.g. Hyvärinen & Alhonen, 1994; Donner, 1995; Heikkilä & Seppä, 2003) . There is room for smallscale fl uctuations in mid-Holocene, similar to those discussed in the cladoceran-based study of Sarmaja-Korjonen (2001). However, the resolution and number of our datings is not high enough to allow fi ne resolution fl uctuations to be sorted out.
Occurrence of water chestnut in Lake Takajärvi
During the coring of Lake Takajärvi, Trapa natans was detected at the coring point Taka10. It occurred as two distinct horizons (Fig. 2) , the upper one being approximately 10 cm, and the lower one 5 cm thick. The AMS dated T. natans (see Table 1 ) is taken from the upper horizon.
There are several descriptions of occurrences of T. natans in Finland, since the 1920's (Sauramo, 1929; Lumiala, 1943; Valovirta, 1949) and most recently from the 1990's and 2000's (Korhola & Tikkanen, 1997; Lempiäinen, 2002) . Vuorela and Aalto (1982) have described a T. natans-fi nding from a Neolithic dwelling site at Pennala, Orimattila, approximately 40 km north from Lake Takajärvi. However, this study is the fi rst providing an AMS-dated T. natans occurrence from Finland.
T. natans has been considered as evidence of warmer summer conditions, and the disappearance of it is usually connected with the cooling of the climate and oligotrophication with a subsequent infi lling of the water chestnut lakes (e.g., Alhonen, 1964; Donner, Fig. 8 . The selected diatom taxa of the short core E1 (Lake Etujärvi).
The paleolimnological development of the twin lakes Etujärvi and Takajärvi . . . 33 Fig. 9 . The selected diatom taxa of the short core T1 (Lake Takajärvi). 1995). Moreover, Korhola & Tikkanen (1997) argued that the decline of T. natans was mainly due to infi lling of shallow, eutrophied lakes and also acidification of the remained forest lakes.
The age of the T. natans-sample from the upper Trapa horizon proves, that occurrence of T. natans in Lake Takajärvi was most intensive during the early phases of the Holocene climate optimum in Finland (e.g. Heikkilä & Seppä, 2003) . The infi lling and increased peat deposition of Lake Takajärvi caused the disappearence of T. natans at a rather early stage during this warm interval. Most likely Lake Takajärvi was rather humic and (see Fig. 3 ) before its infi lling, and it is unlikely that actual oligotrophication would have happened. Results of this study seem to support the conception that the decline of water chestnut took place already during the Holocene thermal maximum and was largely connected to basin infi lling and pronounced water level fl uctuations in littoral T. natans habitats.
Implications for lake management
The results of the study show that the artifi cial eutrophication has caused changes not only to the water quality, but also to the sediments of lakes Etujärvi and Takajärvi during the last few decades. However, concerning the recreation activities of the lake, eutrophication is not the most signifi cant factor causing the deterioration of the water quality in these lakes.
Water level changes have affected the character of the studied lakes several times during the Holocene. A gradual and continuous rise of water level facilitated the growth of thick peat accumulations on the shores of especially Lake Takajärvi (see Fig. 1 ). These peat accumulations, which are facing continuous erosion on the shoreline, are causing a remarkable load of humic substances on the lakes. The presence of these humic substances is one factor making the massive occurrences of Gonyostomum semen possible (e.g. Salonen & Rosenberg, 2000) and accelerating the consumption of oxygen during wintertime. This increases the risk of internal phosphorus load and diminishes the Secchi depth of the lakes.
As presented in fi gures 5 and 7, the LOI of the sediment and the phosphorus content of the sediment have an increasing trend especially in Lake Etujärvi. In Lake Takajärvi the heavier load from the peat accumulations has partially shaded the impact of the phosphorus load from the catchment area. This major role of organic matter in sedimentation can be seen also in Fig. 10 . The diatom inferred total phosphorus (DITP) of the short cores E1 (Lake Etujärvi) and T1 (LakeTakajärvi).
surface sediment samples from both lakes ( Table 2) . The sedimentary phosphorus content, which actually is not especially high in these lakes, consists mostly of refractory phosphorus. Only in the surface sample taken from the point T1 is the amount of the HClextracted phosphorus greater than the amount of the refractory phosphorus. This is probably connected to the construction and maintenance of a sandy swimming beach approximately 70 meters northwest from the sampling point. Another factor equalizing the detected smoother increase of phosphorus content in Lake Takajärvi is the time span the core represents. The results of the SCP counting indicate that the age of the bottom sample of the Lake Takajärvi core is approximately 35-40 years, representing the mid-1960's, whereas the bottom sample of Lake Etujärvi is approximately 20 years older.
The results of the grain size analysis support the idea of a coinciding sedimentation history for the lakes during the last few decades. Changes caused by the intensifi ed land use during the late 1950's and 1960's have affected to grain size distribution of the accumulated mineral matter. The change seems to be detectable also in LOI, but its intensity is low, most likely because of the humic load from the peat areas. The dating based on the SCP counting shows that these changes have occurred simultaneously in both lakes. In Lake Etujärvi the beginning of the coarser material sedimentation can be detected at the sediment depth of ca. 16 cm (late 1950's) . The profi le of Lake Takajärvi covers only a period from the mid-1960's to the present day. Therefore the onset of the coarse material accumulation cannot be seen, but the increase of the fi ner material proportion (<400 µm) again in the early 1970's is evident in both lakes.
The diatom taxa of the studied lakes refl ect the eutrophication. Changes in the taxa are more distinct in the profi le of Lake Etujärvi. Again, this supports the Soil development 9500 -8700 cal. B.P.
Trapa natans abundant 8700 -7600 cal. B.P.
Fluctuating water level 6000 -2500 cal. B.P.
The maximum historical lake level different deposition rates for the cores. In the Lake Takajärvi core the background situation before the most intensive agriculture can not be seen and therefore its diatom taxa seem to be more constant. The most common species in the profi le of Lake Takajärvi are the same Aulacoseira-and Cyclotella-species, which are common also in the upper half of the Lake Etujärvi profi le. The major change towards the more eutrophicated circumstances in Lake Etujärvi begins at the sediment depth of 12 cm (ca. mid-1960's), which also equates with the age of the bottom sample of the profi le of Lake Takajärvi.
DITP supports the interpretation of the rather simultaneous eutrophication of the studied lakes. The most severe increase in the DITP is connected to the late 1970's both in Lake Etujärvi and Lake Takajärvi (see Fig. 12 ). The sedimentary phosphorus seems to react to the increased load showed by DITP with a clearly detectable delay, but more accurate consideration of this delay is not possible because of the rather coarse sample frequency of this study. However, the DITP slightly underestimates the phosphorus concentration compared to the results of the water quality measurements, most likely due to the large littoral area habitats of the lakes. The same kinds of results were also found by Kauppila et al. (2002b) and Kauppila & Valpola (2003) . The steep decrease in the concentration of the sedimentary total phosphorus in the surface of the Lake Takajärvi short core profi le is due to the decrease of the refractory phosphorus and probably connected with the construction and maintenance of the recreational beach nearby the sampling site. The possibility of an internal load exists in both of the lakes, especially in Lake Takajärvi, which has suffered anoxic conditions during the winters. Because of the small volume of the lakes, the impact of such an additional load could be severe. The amount of NaOH-extracted phosphorus is, however, rather small, and has been very stable except for the sharp minimum during the 1990's in Lake Takajärvi.
For the further management of the twin lakes the minimization of the nutrient load from the catchment is of high importance (e.g., Mattila, 2005) . Active restoration methods, such as oxidation, gypsum treatment of the basins (Varjo et al., 2003) or biomanipulation may provide temporary remediation in the case of the Askola lakes, but will not solve the basic problem. Preventing the erosion of the peat accumulations would decrease the amount of humic sludge on the beaches and slow down the upfi lling of Lake Takajärvi. Due to the annual ice cover this is, however, diffi cult and the results would be unstable. Another possibility would be the dredging of the peat deposits, but the massive amount of the dredged material and its treatment would cause serious problems for lake environment and untenable expenses.
Conclusions
Results indicate that sediment records in small headwater lakes having only a minor proportion of groundwater fl ow can offer sensible proxies for determining centennial to millennial scale water level fl uctuations. The studied lakes Etujärvi and Takajärvi have experienced pronounced variations in lake level during the last 10 000 years. There is strong evidence indicating that the basin dried up completely during the early Holocene, ca. 9500-8700 cal. B.P. This dry period was followed by a varying, few metres rose in water level, which resulted in more variable lake environment during the Mid-Holocene. However, the lake level probably rose to its highest stand only 2500 cal. B.P. as wet and cool climate conditions began.
The observations considering Trapa natans can be connected to the observed trends in water level fl uctuation. It is probable that at least in the small, shallow lakes on the coastal area of Finland, such as studied basin, the reason for the disappearance of the water chestnut is a combination of climate, water level fl uctuations, and infi lling of the pools. According to the datings presented in this study, the disappearence of T. natans occurred in studied basin already in the early stages of the Holocene thermal maximum.
The intensive peat accumulation in Lake Takajärvi and in the southern area of Lake Etujärvi is a distinctive feature of the twin lakes' history. It has restricted the open water area of the lakes and caused a heavy humic load with its consequences. The interaction of the peat accumulation and the cultural eutrophication of both lakes since the 1960's has generated the present situation in which the water quality and therefore the lakes' recreational value have impaired. The restoration or management of these lakes is not a straightforward task. The dredging of the peat accumulations would cause a long-lasting state of unstable sedimentation and accelerated oxygen consumption, which would probably lead to problems such as accelerated internal load and destruction of fi sh populations.
This study gives an example of the situation in which thorough paleolimnological knowledge of the history of the lake provides the opportunity to consider the goal and tools of the remediation process reasonably.
